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ABSTRACT 
This report was prepared for the purpose of com-
piling within one publication all the pertinent, 
analytical and empirical design information ac-
cumulated by the Small Homes Council - Building 
Research Council in its preparation of "Nail-
Glued Headers for larger Openings - Instruction 
Sheet #22." It consists of four parts as follows: 
Part !--Description of Headers is a description of 
the headers according to type, grade of lumber and 
plywood, type of glue, gluing procedure, and the 
final physical make-up of the finished headers. 
Part !!--Design is a discussion of the structural 
analysis of all the header types. This includes 
statements of the fundamental design assumptions, 
the actual design of the headers, sources of al-
lowable stresses, and final bearing and shear checks 
under working loads. 
Part III--Testing includes the procedures used in 
carrying out the performance tests and a discus-
sion of the results of these tests. Also included 
is a description of long-duration loading tests. 
These latter tests were still underway at the time 
of the writing of this report. 
Part IV--Utilization is a discussion of possible uses 
for the headers aside from those uses on Instruction 
Sheet #22. 
INTRODUCTION 
In 1959, the Small Homes Council - Building Research 
Council published an instruction sheet entitled 
"Nail-Glued Header for Wall-Panel-System - Instruc-
tion Sheet #21" in which information was presented 
concerning the assembly, erection, and utilization of 
a nail-glued header for four-foot openings. This in-
struction sheet was intended primarily for the use 
of builders. The full presentation of all analytical 
and empirical data was not included on the instruction 
sheet, but was subsequently published in Chapter IV of 
SHC-BRC Research Report #58-1, "Re-Evaluation of Pre-
Assembled Wall-Panel Framing System." Report #58-1 
filled the need for information of a more technical 
nature concerning the four-foot header for presenta-
tion to building code officials and lending agencies. 
The acceptance of the four-foot header prompted the 
SHC-BRC to investigate the feasibility of preparing de-
sign information for nail-glued headers for larger 
openings. This was done. After the program was com-
pleted, "Nail-Glued Headers for Larger Openings -
Instruction Sheet #22" was published. This instruc-
tion sheet was also intended primarily for builders 
who actually perform the fabrication and erection of 
the headers. The pertinent analytical and empirical 
data obtained in these tests are included in this re-
port. 
PART I--DESCRIPTION OF HEADERS 
All of the headers included on Instruction Sheet #22 may be generally 
divided into two groups: those with one plywood web (plywood on one 
side only) and those with two plywood webs (plywood on both sides). 
Those headers designated types A through D fall into Group I, while 
the remaining headers, E through H, form Group II. 
Within each group, the headers are further subdivided according 
to the thickness of the plywood webs and the overall depth. All of 
the header types have double 2 x 4 top flanges, a single 2 x 4 for the 
bottom flange and 2 x 4 stiffeners. In each case, the resisting mom-
ent and resisting shear values were calculated and type letters were 
assigned in ascending order of the header's ability to resist the super-
imposed load; that is,the allowable superimposed load (P) on header 
type "A" is less than that on header type "B"; "B" is less than that 
on header type "c", etc. These computations are presented in detail 
in Part II (Design). 
The following material and fabrication recommendations are re-
produced from Instruction Sheet #22. 
Materials And Nail-Gluing Fabrication 
Flanges and Stiffeners: Flanges and stiffeners should 
be equal in width and must be No. 2 K.D. Southern Yellow 
Pine or .. 'Construction Grade tt Western Hemlock or Douglas 
Fir reselected to obtain a ..,, 1500 f" stress rating. Mois-
ture content should not exceed 19%. 
Plywood Webs: Use 1/2" or 3/4" unsanded plywood which 
meets commercial standards CS 45-55 as certified by an 
approved testing laboratory. For designs E,F,G, and H, 
use 1/2" medium-density overlaid plywood on the inside 
face of the header for a paintable surface on the interior. 
- 3 -
Adhesive: The casein glue must meet federal specifi-
cation MMM-A-125, Type I or II (Type II contains a mold 
inhibitor). Mix the glue according to the manufacturer's 
instructions. After nail-gluing, stack the headers and 
do not handle again during the curing period. Fabricate 
and cure the headers above 50°F. When the temperature is 
between 50°F and 70°F, a 16-hour curing period is nec-
essary; when the temperature is 70°F or above, an 8-hour 
curing period is needed. Do not fabricate headers with 
materials brought in directly from colder temperatures. 
Allow the materials to reach the recommended curing temp-
erature before nail-gluing. Protect headers from 
rain. 
Fasteners: Use Sd common nails spaced 4" o.c. for nail-
gluing 3/4" plywood. Use 1 1/8" or longer wire staples 
or 4d common nails for nail-gluing 1/2 .. plywood. 
Insulation: Since designs E,F,G, and H have plywood 
webs on both sides, insulation, when required, must be 
installed during fabrication. 
It is important to note that all flange material is made of continuous, 
unbroken sections of 2 x 4 lumber and the top member of the top flange 
extends at least 1'-0" past the end of the header on each end. 
Due to the ready accessibility of plywood in eight-foot lengths, 
it is neither convenient nor practical to specify continuous webs. It 
is therefore necessary to splice the webs of all headers longer than 
8'-o". The splice detail recommended for this purpose makes use of a 
special stiffener composed of two 2 x 4 members with a 3/8" plywood 
spacer between them. This stiffener is placed in the header in such 
a position that the 4" face of the 2 x 4 members is parallel to the 
plane of the web. The ends of the plywood web sections to be joined 
are nail-glued to the stiffener. 
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In order to insure maximum strength, the splices in header types 
E,F,G, and H should be staggered. In other words, only one web should 
be spliced at any one stiffener. 
On the following page are sketches which define the cross sections 
of the various header types, along with a sketch of a typical header 
from Group I. 
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----------------~----
PART II--DESIGN 
The design of the headers was based on architectural and material 
limitations. The depths of the headers were selected so that the 
headers would fit above window and door openings. The 12!-inch 
depth makes it possible to use plywood without waste, since the web 
depth is 12 inches. The 14~-inch depth takes advantage of the maxi-
mum space available above normal windows in an eight-foot wall. 
The thicknesses of the plywood for the outside web were selec-
ted as t-inch and 3/4-inch to match the most commonly used thicknesses 
of various types of sheathing. 
In the structural analysis of this series of headers, the SHC-
BRC assumed the problem of finding the allowable superimposed load on 
the eight types of headers for various span lengths. It was assumed 
that the loads (P) would be applied along the top flange of the 
. 
headers at two-foot intervals from a support, and that the span length 
would be divisible by two feet. This loading occurs when a house or 
garage is built using trusses spaced two feet on center. The cal-
culation of these allowable loads is presented in detail in the fol-
lowing pages and on the design plates. 
(The allowable loads are presented on the instruction sheet in 
terms of the allowable spans of the supported trusses which would 
produce reactions equal to the allowable load per panel on a given 
header. The permissible truss spans are related to various roof loads 
in terms of pounds per square foot.) 
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SHEAR AND MOMENT 
Design Plates 1-a and 1-b 
D.P. 1-a and D.P. 1-b on the preceding pages show, in terms of P, the 
space diagrams and the shear and moment diagrams for headers with 
spans from 6'-o" to 14'-o". 
Design Plates 2 through 9 
These design plates show the calculations for the resisting moments 
and resisting shears of the eight header types. The design plates 
and the design equations used for the plates are shown on the follow-
ing pages. 
The assumptions were made that adequate lateral restraint would 
be provided by the supported trusses and that the headen;would bend 
in the vertical plane only. 
The resisting moment values are based on an allowable flexural 
unit stress of 1500 psi.* This value did not become critical in any 
of the sections presented on the instruction sheet except the 14'-0" 
version of types G and H. 
The resisting horizontal web shear values were based on an al-
lowable unit shearing stress of 225 psi., which is in accordance with 
the 1959 revision of the Douglas Fir Plywood Association's Technical 
Data on Plywood. This allowable stress was increased 15% as is per-
mitted in the case of short term (two months) snow loads which would 
be the maximum loading on the roof.** 
*National Lumber Manufacturers Association, "National Design Speci-
fications for Stress-Grade Lumber and Its Fastenings", 1957, Table 
I, pg: 10-Douglas Fir, Coast Region, 1500 Industrial. 
**See Reference 6. 
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The values for the maximum allowable panel load due to moment 
were computed as follows: 
PM 
max 
where: 
== RM 
k h 
m 
= RM 
24k 
m 
== pounds 
h == the panel length == 24 inches 
RM = allowable resisting moment 
PM = allowable panel load (truss reaction) due to moment 
max 
k = the coefficient for maximum moment taken from D.P. 1-a or l~b. 
m 
The values for the maximum allowable panel load due to shear were 
computed as follows: 
PV 
max 
where: 
= RV 
k 
v 
= pounds 
k = the coefficient for maximum shear taken from D.P. 1-a 
v 
or 1-b. 
RV = allowable resisting shear 
PV = allowable panel load (truss reaction) due to shear 
max 
For any given span, the minimum of these two values was taken 
as P , which is equal to the maximum allowable truss reaction. A 
max 
design load (w) of 40 psf. (combined live and dead load) was then 
assumed, and the maximum overall length (Lt) of the truss was computed 
as follows: 
Truss Length (Lt) == 2 x Truss Reaction 
Truss Spacing (h) x Design Load (w). 
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I top flg. 
I bott. flg. 
I web 
Q 
01" 
VQ 
v 
-·· It 
f Me 
·- 1 
DESIGN EQUATIONS .~D NOMENCL~TURE 
(for D.P. 2 -- D.P. 9) 
3 
bdT 
12 
bel;~ 
B 
12 
"'> 
tdv 
w 
-i2 
RV :::: 
RM 
vit 
Q 
fi 
? Ad~ 
,2 
Ao 
Ad~ 
t b 
aT ::::. area. o-f top flange 2 
top flgo = a x a.B :;:: arE'~ a of batt. :fla.nge T T 
aw ~·- ar·ea {"';.t::' "'·" web 
2 CT ::::. dw - X bott. flg. = aBxB 
c 
·-
x B 
2 ft x.x !l n-E~utral axis 
wel; -· ::::. awxw 
Resisting Shea:r: v - allowable shearing stress (psi.) 
Resisting Moment~ f -= allowable bending stress (psi) 
c = x :::: distance to extreme fiber from !I r ·! x .. x 
D.P. 2 
TYPE A 
a 2 f1gs. = (3)(5.89) = 17.67 
a web = (1/2 )(12) = 6.00 
23.67 in. 2 
~11.78}~10.622) + {5.82}{0.81} + ~6l~6l 166 
- = = 23~7 X 23.67 
-
= 7" X 
I top f1g. = (1/12)(3.625)(3.25)3 = 10.4 
I bott. flg. = {1/12)(Je625){1.625}3 = 1.3 
I web = (1/12) (1/2) (12 )3 = 72.0 
2 (11.78)(3.62 )2 = 154.2 Ad top flg. = 
2 Ad bott. flg.= ( 5 • 89 ) ( 6.19) 2 = 225.8 
2 (6)(1)2 6.0 Ad web = = 
I = 469.7 in.4 
Q = (11e78)(3.62) + (2.50)(2.50) = 1;2.6 + 6.3 = 
Q = (5.89)(6.19) + (3.5)(3.5) = 36.4 + 12.3 = 
RV = (258)(470) {_Q:.i)_ 
49 = 1,230 # 
RM = (1.500)(470) 
7 
= 101,000 #-in. 
P MAX# 
SPAN DUE TOM DUE TO V TRUSS FT. 
6' 4,200 1,230 30.5 
8• 2,100 820 20.5 
101 1,400 615 16.0 
12' 935 490 12.0 
14' 700 410 10.0 
16 1 526 350 8.5 
0.5" 
lf .. \i\ 
":F 
0 
X --- · 
say 470 in~4 
4 s. 9 in. 3 
48.7 in. 3 say 49.0 in. 3 
D.P. 3 
2 
n := 24.67 in. 
TYPE B 
- = (11.78)(12.625) + (7~(7) + (5.89)(0.8125) 
X • . · • 24. 7 
- = 202.6 = 8 22" 
X 24.67 • 
Ix top flg. 
Ix bott. flg. 
Ix web 
= 
= 
4 10.38 in. 
.83 in. 4 
= 114.00 in.4 
Ad2 top flg. = (11.78)(4.41)2 = 227.50 in.4 
= 323.50 1n:4 Ad2 bott. f1g. = (5.89)(7.41)2 
Ad2 web = (7)(1.22)2 = 10.40 in.4 
Ix = 686.61 in.4 
Qx = (5.89)(7.41) + (4.11)(4.11) 3 = 43.6 + 16.9 = 60.5 in. 
or 
Qx = (11.78)(4.41) + (2.89)(2.89) 3 = 51.9 + 8.4 = 60.3 in. 
RM =tall l = (1500){686.60) = 126 000 # in. 
c 8.22 ' 
p MAX 
SPAN DUE TOM DUE TO V MAX '!'RUSS SPAN 
6' 5,250 1,480 37 1 
gr 2,620 990 24.5' 
10' 1,750 740 18.5' 
l2' 1,170 590 14·5' 
14' 875 493 12' 
16' 656 423 10•5' 
D.P. 4 
a 2 f1g. = 1?.67 
a web = ( 12 ) ( t) = ....2.&Q 2 26.67 in. 
- = 125.2 + 4.8 + (9)(6) = ~ 
X 26.67 ~ 
- = 6.9" X 
I top flg. 
I batt. f1g. 
I web 
Ad top f1g. 
2 Ad bott. flg. 
Ad2 web 
:: (~) ( t) ( 12) ( 12) ( 12) 
= (11.78)(3.72)2 
= (5.89)(6.09)2 
2 
= (9)(0.9) 
I 
Q = (11.78)(3.?2) + <t><5.lo)(2.s5) 
~: = (5.89)(6.09) + <t)(6.9)(3.45) 
RM = (1500)(508) = 110,500 # !D. 
6.9 
RV = !2~S)(508)~0075l l,S30 # : (53.8 
TYPE C 
'it. 0,~" 
"! .. J-::.=::=. 
0 
= 10.4 
:::: 1.3 
= 108.0 
= 163.0 
= 218.0 
= 
--1..!1 
= 508.0 in.4 
= 43.8 + 10.0 = 53.8 1n.J 
= 35.9 + 17.9 = 53.8 in. 3 
-
PMAX 
SPAN DUE TO M DUE TO V TRUSS 
6• 4,600 1,830 45.5' 
8' 2,300 1,220 30.5' 
10' 1,530 915 22.5 
12' I 1,020 732 18.0 
14' 767 610 15.0 
16 1 575 523 13.0 
D.P. 5 
a 2 f1gs. 
a web 
= 17.67 
= <i)(14)= ]&iQ 
2 
a = 28.17 in. 
TYPED 
0 75" 
: lr tl) 
- = (11.?8)(12.625) + (5.89)(0.81) + (10.5)(?1) = ~~ 
X 28.17 
227.2 
28~ :J .. 7 
-x . --···--X· _...._ 
- = X 
i = 8.05 
I top flg. 
I bott..  f1g. 
I l'Teb J. 
Ad2 top flg. = (11.78)(4.57)2 
Ad2 bott. f1g. = (5.89)(7.24)2 
Ad2 web = (10.5)(1.05)2 
= 10.4 
= 1.3 
= 1?1.5 
= 245-9 
= 308.5 
= 11.6 
I = 749.2 in.4 
~ = (11.78)(4.57) + <f)< 5 .• 95 )(2.98r 53.8 + 14.4 = 68.21n. 3 
or 
~ = (5.89)(7.24) + <f)(8.05)(4.03) = 42.6 + 24.4 = 6?.0in.3 
RM = (1500){749) = l40,000 # in. 
8.05 
RV _ (258)(749)(0~75) 2 ,130 # 
- (68) -
p MAX 
SPAN DUE TO M I DUE TO V TRUSS 
6' 5,840 2,130 53' 
8t 2,920 1,420 35.5' 
10' 1,940 1,060 26.5' 
12' 1,300 853 21.0 1 
14' 972 I 710 17.5 1 l 
I 
729 609 
~ ~ ~ 
ac . ~ 
D.P. 6 
TYPE E 
a 3 flg. = 17.67 
a 2 webs = 12.00 
- 2 
a = 29.67 in. 
- = 125.2 + 4.8 + (2){36) = 202.0 
X 29.67 29.67 
- = 6.81" 
X 
I top flg. = 10.4 
I bott. f1g. = 1.3 
I 2 webs = (2 )(72) = 144.0 
2 2 Ad top f1g. = (11.78){3.81) = 170.9 
2 (5.89)(6)2 = 211.9 Ad bott. f1g. = 
2 (12 )( 0.81)2 7.9 Ad 2 webs = = 
I = 546.4 in. 4 
- 3 Q = (11.78)(3.81) + (2)(2.6)(2.6) = 44·8 + 14.8 = 58.3 in. 
Q' = (5.89)(6) + (2)(3.41)(3.41)=.35.4 + 23.3 = 58.7 in.3 
RM = (15~~~1546) = 120,000 # in. 
RV = ( 2 58) ( 546) ( 1} = 2 , 390 # 59 
p MAX I 
.. .. . .. 
SPAN DUE TOM DUE 'I'O V TRUSS 
6' 5,000 2,390 59.5' 
8' 2,500 1,590 39.5·' 
101 1,667 1,195 29.5' 
12' 1,111 950 I 23.5' 
14' 833 794 19.5' 
* I 161 625 680 i 15.5' 
I 
* Moment governs 
D.P. 7 
TYPE F 
a top flg. = 11.78 
a bott. flg. = 5.89 0.5" 0.5" 
a 2 webs = 14.00 
a = 31.67 in. 
- = ~11.78)(12.62) + (14)(7) + (5.89)(0.81) 
X 31.67 
~ >tt-
l ~ I, I :I lt !J 0 
----4--- - - - - · 
- -1- -
.... 
(I') 
. 
(,D 
--- ·x U---- 1-1- • ' - ··x· 
-.qt = -~-794 x - 31-:b? - • 
I = 
( 11. 78) (4.68)2 
(5~89)(7.13)2 
10.4 
1.3 
228.0 
258.2 
299.8 
(14)(0.13)2 0.2 
I=:;;;-; in.4 
Ix = 798 
~ = (11.78)(4.68) + (6.06)(3.03) = 5~.2 + 18.4 c 73.6 in.3 
or 3 Qx = (5.89)(7.13) + (7.94)(3.97) = 42.0 + 31.5 = 73.5 in. 
RM = (1500)(798) = 151 000 # in. 
7.94 ' 
RV = (258)(798){1l = 2 SOO # 73.5 , 
I 
• I RP i 
-t MAX TRUSS SPAN 
SPAN M 1 v l @ 40 #I rt. 2 ' 
I ( 
6t 6,300 l 2,800 I 70 10 I i i 8' 3,150 t 1,870 46'8 i 
101 2,100 . l 35 10 i 1,400 ~ 
' 12• 1,400 I 1,120 28 10 
I. 
14' 1,050 
I 
939 23'8 
16 1 786 800* I 19'4 1 
* Moment governs 
0) 
. 
~ 
D.P. 8 
TYPE G 
top f1g. (2)(5.89) 11.78 in. 2 a = = 
bott. f1g. 5.89 in. 2 a = 
1 3) 2 a two webs = (12)(- +- = 15.00 in. 2 4 
a = 32.67 in. 2 
0.5" 0.75" 
r-rr 
- = (11.78)(10.62) + (5.89){0.81) + (15.00)(6) = ~)~j_ = 6.75" 
X 32.67 32.67 
~1 II 
MOMENT OF INERTIA 
= ~ 3. 63} ~ 3. 2 5} 3 10.4 in.4 I top f1g. = 12 
- ~3.63)~1.63)3 I bott. f1g. = 1.3 in.4 12 
I two webs = ~ 1. 2 52 ~ 172 8 ) 4 12 = 180.0 in. 
2 
= (11.78)(3.87)2 4 Ad top ~1g. = 176.2 in. 
2 (5.89)(5.94)2 207.8 in.4 Ad bott. flg. = = 
2 ( 15) ( o. 75 )2 4 Ad two webs = = 8.3 in. 
Ix = 584.0 in.4 
Qx = (11.78)(3.87) + (1.25){5.25)(2.63) = 44·5 + 17.3 
Qx = ( 5.89 )( 5-94) + (1.25)(6.75)(3.38) 
RM = (1500}(584) 
6.75 
RV = (258)(~~4)(1.25) 
= 13o,oodl in. 
= 3,oor! 
= 35.0 + 28.5 
P MAX 
40 #I rt. 2 
SPAN DUE TO M DUE TO V TRUSS 
6' 5,420 3,000 75.0' 
8' 2,710 2,000 50.0' 
10' 1,807 1,500 37.5' 
12' 1,200 1,200 30.01 
14' 903 1,000* 22.6' 
16 1 677 858* 16.9' 
* Moment governs 
·--jt· 
·= 61.8 in.3 
= 63.5 1n.3 
U) 
t-
. 
f.D 
D.P. 9 
a 
a 
top f1g. 
bott. f1g. 
TYPE H 
= 11.78 in.2 
= 
2 5.89 in. 
o.so" o.75" 
4 ' 
i! ~ 
il 
a two webs = (1.25)(14) = 17.50 in.2 
35.17 in.2 
. -x· · 
a = 
- = 
(11.78)(12.62) + (5.89)(0.81) + (17.50)(72 = 27~~~ 
X 
- = 7.85 in. 
X 
MOMENT OF INERTIA: 
top f1g. 
bott. f1g. 
two webs 
1td2 top f1g. 
Ad2 bott f1g. 
Ad2 two webs 
35.17 35.17 
2 
= (11.78)(4.77) 
= ( 5. 89 ) ( 7. 04) 2 
= (17.50)(0.85)2 
I 
10.4 in.4 
1.3 in.4 
= 285.8 in.4 
= 268.2 in. 4 
= 291.8 in.4 
= 12.6 in. 4 
= 8?0.1 in.4 
. 
0 
Q = {11.78}(4.77) + (1.25)(6.15)(3.08) = 56.3 + 23.7 = 80.0 in. 3 
Q = (5.89)(7.04) + (1.25)(7.85)(3.93) = 41.4 + 38.6 = 80.0 in. 3 
RM = (1500)(870) 
7.85 = 166,000 # in. 
RV _ (258)(870)(1.25) = 
- 80 3,500 # 
RP 
MAX TRUSS SPAN 
SPAN DUE TO M DUE TO V 40 # I rt.2 
6• 6,920 3,500 87.5' 
8• 3,460 2,333 58.3 1 
10' 2,300 1,750 43.8' 
12' 1,535 1,400 35.0' 
14' 1,152 1,168* 29.2 '* 
16' 865 1,000* 21.6'* 
* Moment governs 
Once the allowable truss span lengths were computed for a super-
imposed load of 40 psf., they were converted to span lengths for other 
loads per square foot. 
The table below shows the maximum allowable resistances to shear 
and to moment of the eight header types. 
rrype A B c D E F G H Units 
RV 1230 1480 1830 2130 2390 2800 3000 3500 Pounds 
RM 101 126 110.5 140 120 151 130 166 Thousand 
pound-inches 
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D.P. 10 
BFARING CHECK 
Reactions 
Type I-A 1,230# 
II I-B 1,480# 
" I-c 1,830# 
II I-D 2,il.30# 
" I I-E 2,390# 
" I I-F 2,800# 
" II-G 3,0oo11 
II II-H 3,500# 
Assuming 390#/ in.2 allowable 
in bearing and two bearing areas. 
a = (2)(5.89) = 11.78 in. 2 
Resistance to bearing (R.B.) 
R.B. = (11.78)(390) = 4 1 590# for two 
bearing areas 
R.B. = (5.89)(390) = 2 1 295# for one 
bearing area 
{ 
2 
= 5.89 in. 
2 
ab2 = 5.89 in. 
(for 8'0" beams and over) 
CHECK OF BEARING 
Design Plate 10 
D.P. 10 shows the computations for the bearing check at the reactions. 
The allowable unit bearing stress perpendicular to the grain of the 
2 x 4 flanges was taken to be 390 psi.* 
Bearing stresses are developed due to reactions at the end of the 
header. The maximum allowable reaction is equal to the maximum re-
sisting shear value RV as determined by the cross section of the header. 
These values are computed for each type of header on Design Plates 2 
through 9, and are summarized on D.P. 10. 
The beari~g area abl (see D.P. 10) is not considered to contri-
bute to the resistance to the reaction caused by loads within the span 
of the header. Area ab2 is the only area considered for header spans 
below 8'-o". For spans equal to and in excess of 8'-0" the sum of 
areas ab2 + ab3 is used. (The F.H.A. requires that an additional stud 
(providing ab3) be used on all headers S'-o" and over.) 
The check of the bearing stresses indicated that the allowable 
bearing stress was not exceeded when the headers were loaded to maxi-
mum shear or moment values. 
CHECK OF SHEAR BETWEEN WEB AND FLANGE 
AND BETWEEN PLIES OF WEB 
Design Plate 11 
D.P. 11 presents the check for shearing stresses between the web and 
flange and between the plies of the web. 
*See Reference 5, page 10, Table 1. 
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Allowable stress for shear between the web and flange is based 
on the allowable working stress established for nail-glued connec-
tions using casein glue.* 
Allowable stress for shear between the plies is based on Table 
A from the Forest Products Laboratory Bulletin Approximate Methods of 
Calculating the Strength of Plywood, which allows 3/8 of the unit 
stress in horizontal shear, giving a value of 84 psi. This value was 
increased 15% to 97 psi. for snow loads. 
Since the glue bond allowable stress is the least value, 90 psi,, it 
was used in the calculations. 
The table for the shear check betweenpues of web and between 
web and flange may be summarized as follows: 
Column 1 indicates the header type under consideration. 
Column 2 shows the calculations for the statical moment (Q) of 
flanges about the centroidal axis of the header. 
Column 3 shows the calculations for the unit shearing stress per 
inch of length of the header. 
Column 4 compares the allowable unit shearing stress per inch of 
length with the actual values given in Column 3. The computations 
and explanatory figure for the values in Column 4 are presented at the 
bottom of D.P. 11. 
The check of the shear between flange and web indicated that the 
allowable stress was not exceeded when the headers were loaded to maxi-
mum shear or moment values. 
*See Reference 7. 
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D.P. 11 
CHECK OF SHEiffi. BETHEEN PLYS OF lrJEB, AND BET1~JEEN uiEB AIID FLANGE 
~ype • Q~ = ay v/irr-.· ·· = ~ 
Top = (11.78)(3.62) = 42.6 (1230)(42.6) = 112 #/. 470 l.n. 
A ~1230}{36.5) = Bott = ( 5. 89) ( 6.19) = 36e5 96 It 470 
Top = (11.78)(4.41) = 51.9 (1480){51.9l = 112 n 
B 687 
Bott = ( 5 • 89 ) ( 7. 41) = 43.7 ( 1480) {43. 7} = 94 11 687 
Top = (llo78)(3c72) .= 43o8 ~1830}(43co8} = 158 
" c 508 
Bott = (5.89)(6.09) = 35.9 (1830){35.9) = 130 It 508 
Top = (11.78)(4.57) = 53c8 (2130}{53.8) = 153 
" D 749 
Bott = (5.89)(7.24) = 42.7 {2130){~2.7} = 122 f1 749 
Top = (11.78)(3.81) = 44.8 ~2390~{44.8) = 196 
" E 546 
Bott = ( 5. 89) ( 6. 00) = 35.4 (2390){35.4} = 155 
" 546 
Top = (11.78)(4.68) = 55.2 (2800){55.2l = 194 tl 
F 798 
Bott = (5.89)(7.13) = 42.0 (2800)(42.0) = 148 
" 798 
(3000)(45.6) = 234 Top = (11.78)(3.87) = 45.6 n 
G 584 
Bott = ( 5. 89 ) ( 5 • 94) = 35.0 (3000}(35.0} = 180 n 584 
Top = (11.78)(4.77) = 56.2 (3500}{56.22 = 226 " H 870 
Bott = ( 5. 89 ) ( 7. 04) = 41.5 (3500}{41.5} = 167 " 870 
Allowable shear between plys of web and 
between web and flange = * 97 #/ino2 = Vr 
Allowable shear on casein glue = 90 #/in.2 = vr 
v 
:. ~ = (v . )(width of faying surface) = (¥r m'in)(w) l.n r m~n _ 
1. Beams with one web (group 1) 
vr (In) all-top = (90)(2.875) = 259 #/in. 
vr 
(--. ) all-bott = (90)(1.5) = 135 #/in. l.n 
2. Beams with two webs (group 2) 
(~~) all-top = (2)(259) = 518 #/in. 
vr 
· (-:-) all-bott = (2)(135) 
~n = 270 #/in. 
tn 
t'-
allowable v/in. 
259 #/in. o.k. 
135 
" 
o.k. 
259 " o.k. 
135 
" 
o.k. 
259 n o.k. 
135 It o.k. 
259 11 o.k. 
135 u o.k. 
518 11 o.k. 
270 If o.k. 
518 n o.k. 
270 n o.k. 
518 
" 
o.k. 
270 
" 
o.k. 
518 n o.k. 
270 n o.k. 
2x4 
* F.P.L. Bulletin. Table ~' Approximate Methods of Calculating the Strength 
of Plywood. 
~~ 
.c (1) 
~ 
r-1 
,., 
4['\ 
Ul 
.c (1) 
~ 
N 
~~ 
PART III--TESTING 
It was not considered practical or necessary to carry out com-
plete tests for all the headers presented in Instruction Sheet 
#22. After considering the purpose of the tests (to determine 
if the maximum allowable deflection (L/360) would be exceeded 
at the design load, and to check the residual deflections after 
relaxing twice the design 1oad), it was decided to test only 
the headers corresponding to the maximum header span for each 
type of header. 
Since the total load is constant and the def1ection varies 
directly as the cube of the span, the longer headers would have 
a greater deflection than the shorter headers. 
The eight tests carried out to obtain the above data were 
made using a hydraulic loading system on a test floor. The 
headers were connected to full-scale wall panels on each end, 
and the entire assembly was placed flat on the test floor, riding 
freely on rollers so that the loading could be accomplished in 
the horizontal plane. (See photos #1 and #2.) Additional jamb 
studs were not placed under the header, and therefore there was 
the bearing area of only one 2 x 4 stud at each end available 
to support the header. 
The "Experimental Load vs Deflection Charts" express graph-
ically the results of these tests. (See Appendix.) 
In no case did the deflection exceed the assumed allowable 
deflection of L/360 of the span; but in header type "c" it ap-
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proached this value very closely. The deflections were more cri-
tical in all of the headers in Group I (one web) than they were 
in Group II (two webs). 
Residual deflections, after removal of twice the design load, 
were insignificant in every type, with the maximum of 0.045 inches 
(slightly over 3/64 inches) occuring in header type "G." 
Below is a table showing the performance data from these 
tests: 
Panel load Residual h. 
Type Span L/360 p A after 2P 
(feet) (inches) (pounds) (in8hes) (inches) 
A 10 0.333 615 0.295 0.003 
B 10 0.333 740 0.276 0.003 
c 10 0.333 915 0.331 o.ooo 
D 10 0.333 1060 0.309 o.ooo 
E 14 0.467 794 0.315 o.ooo 
F 14 0.467 939 0.318 0.009 
G 14 0.467 903 0.412 0.045 
H 14 0.467 1152 0.321 0.005 
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ULTIMATE LOADS 
In only one instance did a header fracture. Header "H" failed in 
the tension flange (see photo #3) at an ultimate panel load of 
6900 pounds, which is nearly six times the calculated allowable 
panel load of 1152 pounds. It was possible to achieve this type 
of failure only by holding the header in the horizontal plane by 
weights; all other headers jumped out of the test frame before 
fracture could take place. Thus it was not possible to determine 
the true ultimate load of headers "A" through "G", although there 
was evidence of yielding in the shear connections between the web 
and the flange in the end panels at the so-called ultimate load. 
This was indicated by a slippage between the top flanges and the 
webs at the header's reaction point. This slippage amounted ap-
proximately to !-inch to -2-inch. 
It is interesting to note the reserve strength of each of the 
headers tested. The ultimate load varies from approximately 4.5 
to 7 times the allowable working load. 
LONG DURATION LOADING 
Among the tests currently being carried out for long duration 
loading, two are shown in photos #5 and #6.. Picture #5 shows an 
eight-foot header of type "A" subjected to the influence of 144 
concrete blocks on each header. This load amounts to approximately 
1548 pounds per panel point, or about twice the working load for 
this type on an eight-foot span (see D.P. 2--820 pounds/panel = 
P max). An appreciable deflection can be seen under this load, 
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I 
' ,A&b,Jt. " -~----, ___ _ 
Fig. 1. Test set-up for 10'-0 
header 
-' - 'T'" - -
.. . . 
' . 
. , 
Fig. 3. Flexural failure in 
type "H" header 
Fig. 5. Long duration test on 
8'-0 headers under approximately 
twice working load 
Fig. 2. Test set-up for 14'-0 
header 
Fig. 4. A possible jig for 
mass production 
Fig. 6. Long duration test on 
6'-0 headers2and 30'-0 trusses 
under 40#/ft load 
but the headers were still intact at the time of writing of this 
report. More than three month's time had then elapsed since the 
headers had been loaded. 
Photo #6 shows an arrangement of two six-foot headers support-
ing two 28'-0" glue-nailed trusses under their normal working load 
of 40 psf. Since the calculations show this header capable of 
carrying two 30'-0" trusses (P max = 1,200 pounds) these 28'-0" 
trusses produce a load slightly less than the maximum (1,120 pounds/ 
panel). The deflection of the headers is not noticeable. 
- 30 -
PART IV--UTILIZATION 
Throughout the design and testing of the headers, the fundamental 
idea entertained by the SHC-BRC was that of creating a header of 
longer span, capable of supporting truss reactions placed every 
two feet along its length. This condition, and only this condi-
tion, is summarized in the table presented in Instruction Sheet 
#22. However, this does not mean to imply that the headers are 
limited to use under this confined, though very common, restriction. 
On the other hand, it does mean that this table is not valid for 
any other loading array. 
In many cases, larger openings are desired in walls which run 
parallel to the span of the roof trusses (such as end walls in 
homes)~ In such cases, the selection of a header is largely a mat-
ter of judgement on the part of the designer, since the superimposed 
load here is negligible when compared to the load when trusses must 
be supported. 
For unusual conditions such as concentrated loads being placed 
at odd spacings (that is, "h" from D.P. 1 greater or less than 2'-0") 
or for unsymmetrical loading, the maximum moment and the maximum 
shear should be computed and an appro~riate header selected. This 
may be done by referring to the resisting moments (RM) and the re-
sisting shear (RV) given in Instruction Sheet #22 for each header 
type. (This is the table reproduced on page (2D of this report.) 
When an unusual loading pattern presents itself, care should 
always be taken to provide adequate lateral restraint. This is 
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especially true for the headers in Group I, since their unsymmetri-
cal cross sections render them even more susceptible to lateral 
displacements. 
In the event the headers should be subjected to a uniform load, 
the maximum shear and the maximum moment are given by 
v = wL and M = wL
2 
X 12 
max 2 max 8 
where 
w = design load, live plus dead, per lineal foot of header 
L = span in feet 
which may be used to select a header cross section from the table 
of maximum resisting shears and moments in Instruction Sheet #22 
and/or page (21) of this report. 
In addition to satisfying the strength requirements for shear 
and moment, each special design should be further investigated to 
insure that the bearing stresses and the web-to-flange stresses at 
the reactions are not exceeded. These calculations may be made in 
a manner similar to those shown on D.P. 10 and D.P. 11. 
It should be pointed out that the casein glue used in these 
designs is not waterproof, although highly water-resistant, and 
tends to yield perceptibly when exposed to lengthy periods of ex-
cessive moisture. SHC-BRC recommends, therefore, that these headers 
not be used where excessive moisture is likely to be prevalent. 
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APPENDIX 
EXPERIMENTAL LOAD VS DEFLECTION CHARTS 
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